Background The measurement and valuation of health-related quality of life for and by young people are increasingly important, yet research on the impact of study perspective and validity of preferences obtained from young populations remains limited.
Introduction
Health-related quality of life (HRQoL) is used as an input to health economic evaluation, which is increasingly used by healthcare systems around the world to make funding recommendations [1] [2] [3] . However, the methodological development to support measurement and valuation of HRQoL for children and adolescents has lagged behind comparable research for adults. The risk of this limitation is that there is greater uncertainty around the value of interventions in a paediatric population, and hence the possibility that children may be disadvantaged in funding decisions that utilise these measures.
A systematic review conducted by Chen and Ratcliffe [4] identified nine generic multi-attribute utility instruments (MAUIs) available internationally for use in paediatric populations. The measures differ in terms of the elicitation technique for health state valuation including standard gamble (SG), time trade-off (TTO) and best-worst scaling (BWS) [4] . When eliciting preferences for health states, different techniques are available, including cardinal techniques such as TTO and SG. More recently, ordinal methods such as discrete choice experiments (DCEs) and BWS [5] have grown in popularity due to their relative ease of comprehension, suitability for online administration and some reports of greater reliability [6, 7] . a DCE and completed by adult members of the general public [18] . Further valuation exercises are underway in several countries that would allow the calculation of a utility score and enable its use in economic evaluation. While some researchers have applied the adult value set in the context of children and adolescents [9] , the uncertainty about the appropriateness of this has prompted exploration of the feasibility and validity of child and adolescent direct preference elicitation [19] .
Researchers have been slow to develop a scoring algorithm for the EQ-5D-Y. There has been a strong status quo for using adult preference as the normative sample and a paucity of research regarding whether adolescents' preferences should be included [15] . In addition, we know little about how current preference elicitation methods work for children. There are concerns regarding the validity of directly eliciting adolescent preferences, and the age at which children can reliably complete valuation tasks [16] . However, previous research on the CHU-9D instrument has reported that children aged 11-17 years can complete BWS tasks [11] . Further questions involve who should value health states of children and adolescents for health policy decision making, the appropriate framing and perspective of these tasks, how to achieve consistency in the perspective across adult and adolescent valuations, and which valuation technique is feasible and appropriate when generating value sets [20] .
The objective of this study is to apply profile case BWS methods to assess whether collecting information from adolescents, adults using their own perspective or adults thinking in the context of a 10-year-old child is feasible and valid in making inferences about EQ-5D-Y dimensions. To increase robustness of the findings, the work was conducted in samples of the general population in Australia and Spain.
Methods

Survey Design and Data Collection
An online questionnaire created in LimeSurvey (https :// www.limes urvey .org/) was developed for completion in Australia and Spain. Three community-based samples in each country were obtained consisting of (1) adults responding to the BWS task from their own perspective; (2) adults responding to the BWS from the perspective of a 10-year-old child; and (3) adolescents aged 11-17 years responding to the BWS task from their own perspective (Electronic Supplementary Material (ESM) Supplement 1). These reflect the different perspectives used in previous research [21] . Participants were recruited via an online panel company following an invitation and providing informed consent to participate. Adolescents were recruited via a combination
The justification for choice of valuation method has produced some unique considerations relating to the measurement of adolescents, including cognitive demand, linguistic limitations, comprehensive ability, rapid age-related differences in disease and preferences, and ethical sensitivity around presenting risk of death [8, 9] . Some have suggested that there may be differences with children's ability to engage and produce valid results [7] .
There is variation in whose preferences have been sought to score child-specific MAUIs, with only a handful of examples of direct adolescent self-valuation, including the Child Health Utility-9D (CHU-9D) using the BWS method [10] [11] [12] , the Assessment of Quality of Life-6D (AQoL-6D) adolescent instrument using TTO valuation methods [13] , and the 16-dimensional (16D) instrument using the visual analogue rating scale [14] .
The choice of whose preferences to use when generating a generic preference-based measure scoring algorithm is largely a normative decision. Existing evidence indicates that adults' preferences for identical health states may differ from adolescents' preferences [11, 12] . When investigating CHU-9D responses, Ratcliffe and colleagues [11] found that adults place less importance relative to adolescents on impairments in mental health (worried, sad, annoyed) and more weight on moderate to severe levels of pain. This existing research comparing adult and adolescent preferences was conducted using the CHU-9D instrument and it is unknown whether this result is also valid for other child instruments such as the EQ-5D Youth version (EQ-5D-Y). The feasibility and validity of adolescent preferences is largely unknown, as is the impact of adolescent, adult proxy (adults imagining a child) and adult study perspectives on the preferences obtained for other child instruments [15, 16] . It is clear that the choice of values has important implications for utility estimation and resulting policy and practice decisions [12] .
The EQ-5D is the most widely used adult preferencebased instrument [17] ; however, since its release in 2009, use of the EQ-5D-Y has been limited [8] . There is only one published EQ-5D-Y value set developed for the USA using of direct adolescent panel membership for some adolescents aged > 14 years and via their parents who were members of the panel. The adult surveys were completed sequentially first and then a new sample of parents were approached for adolescent recruitment, resulting in independent samples with no parent/adolescent dyads. Only adult panel members who had indicated they had a child aged 11-17 years were approached for this method of adolescent recruitment.
A sample of 1000 was the target set for each study perspective in each country. Sample size methodology for BWS experiments are underdeveloped so this size was chosen based on previous experience and in order to be comparable with other similarly focused published research [11, 12] .
The survey comprised three main sections. The first section contained screening questions to ensure a representative sample of the Australian and Spanish general population. Representativeness was sought in terms of age, sex and geographical distribution (state in Australia or region in Spain). Respondents were then asked to self-complete the EQ-5D-Y instrument. Completing the instrument at the start of the survey ensured that respondents were familiar with its wording, structure and the range of questions before they were asked to complete the BWS task. The EQ-5D-Y includes five dimensions (mobility, looking after myself, performing usual activities, having pain/discomfort, feeling worry/sad/ unhappy) and three levels (no problems, some problems, a lot of problems) defining 243 (3 5 ) separate health states [22] . Each health state that can be generated from the instrument can be expressed as a five-digit number; for example, the health state 21111 corresponds to someone with some problems in walking about, but no problems with performing usual activities, having pain/discomfort, looking after myself or feeling worried, or being sad or unhappy.
In the second survey section, respondents were presented with detailed instructions and a practice BWS question. They were then presented with a series of EQ-5D-Y health states and from these health states they were asked to indicate the best and worst attributes/dimensions from each health state presented (ESM Supplement 1). Profile BWS was chosen as the method for this study due to its cognitive simplicity and our interest in direct adolescent value elicitation down to age 11 years as used in previous studies [10] . Profiles for the BWS exercise were generated using a full factorial design (3 5 ) of the 243 health states randomly divided into 20 blocks (ESM Table 1 ). Each block consisted of an even number of mild, moderate and severe states, selected based on the sum of the five-digit number representing a particular health state (mild states sum of 6-9, moderate states sum of 10-12 and severe states sum of [13] [14] [15] . Nineteen blocks included 13 BWS tasks with the remaining block including 14 tasks. All blocks included the state 33333. Each participant was randomised to one of the 20 blocks (minimum 4.3% of sample and maximum 9.7%; ESM Table 2 ).
The final survey section collected sociodemographic information such as whether the participant lived with a chronic condition along with the level of difficulty completing the survey. To identify the socioeconomic position of adolescents we included the family affluence scale (FAS) questionnaire, which can be categorised into three levels of family affluence (low, medium or high) [23] . The adult surveys included questions on marital status, whether someone with disabilities lived with the participant, educational level, employment status, occupation, whether they had been employed in a role working with children, if they had children and, if so, their children's age.
Data Analysis
The analysis focuses on the feasibility and validity of obtaining preferences from the three samples. In addition, we also describe adolescent preferences. Measures of feasibility include survey completion and self-reported difficulty and analysis of validity based on time to complete, best-worst frequencies, marginal choice frequencies and dominant choice sets as defined in Sect. 3.4. Each analysis is performed across different years of age and across the three study perspectives (adolescents, adults, and adults from a child perspective).
Numbers of participants completing the survey from each sample were summarised for each of the three samples. The median time to complete the total survey (including consent and background information) was calculated, along with time to complete the BWS survey component. Time was calculated for each sample and by year of adolescent age. The BWS task was designed to take approximately 5 min to complete. Self-reported EQ-5D-Y responses for all samples were described by the proportion choosing 'no problems', 'some problems' or 'a lot of problems' in each dimension. The socioeconomic characteristics and the distribution of self-reported health of the samples were analysed using descriptive statistics including means and proportions. Responses to the BWS tasks were summarised identifying all possible best-worst pairs and marginal choice frequencies [24] . All 180 possible best-worst pairs of dimension levels and their frequency of being selected were tabulated. Marginal choice frequencies were calculated as the number of times a particular dimension level was chosen as best (or worst), divided by the number of times that level was available to be chosen as best (or worst) in the survey. Marginal choice frequencies were also graphed to indicate the spread and distribution of best and worst choices.
An additional analysis was undertaken to determine the proportion of responders in each sample who correctly selected the best or worst level for health state scenarios in which there was a 'dominant' best or worst health level presented, divided by the number of times that choice was presented. This occurs when there is one level 3 and four level 1 dimensions, or four level 1 and one level 3 dimensions. For example, for health state 11113, being 'very sad/ worried' would be expected to be rated as the worst health level, as the other four levels all reflect no problems. The proportion of times chosen for each sample and by year of adolescent age are presented for the 'dominant' best and clear worst level health states.
Descriptive analyses were conducted exploring selfreported difficulty completing the survey, and these are presented for each sample and by year of adolescent age. Additional sensitivity analyses of the marginal choice frequencies for those reporting that the task was 'difficult' or 'very difficult' were also conducted.
Results
Sample and Completion Statistics
In Australia, 2134 adults (age range 18 to > 65 years, of whom 1120 answered from a child perspective) and 1010 adolescents completed the online survey. In Spain, 2007 adults (age range 18 to > 55 years, of whom 1001 answered from a child perspective) and 1000 adolescents completed the online survey. More adolescents were invited to participate in order to fill age, sex and geographic quotas, but adolescents successfully completed the survey in similar proportions to the adult samples. Tables 1 and 2 present the sociodemographic characteristics of the adolescents and adults participating in the survey for the Australian and Spanish populations, respectively. The samples were representative of the Australian and Spanish general populations in terms of age, sex and geographical distribution. Higher-education levels of 22% and 17% in Australia and Spain, respectively, were substantially higher than general population estimates (Tables 1, 2). Fewer Australian adults were working full-time than population estimates (35% vs. 58%).
Adults completing from a child perspective took the most time to complete the whole survey and the BSW task, with adolescents completing in the shortest time on average ( Table 3 ). The differences in time taken across years of adolescent age do not appear to be large (Table 3 ).
Self-Reported EQ-5D Youth Version (EQ-5D-Y)
The distribution of self-reported EQ-5D-Y and general health responses are presented in Table 4 . Overall in both Australian and Spanish samples, adolescents exhibited fewer problems in all EQ-5D-Y dimensions and better general health than adult participants. Both adolescents and adults in Australia and Spain were mostly likely to report some problems in the area of 'worried, sad or unhappy'. Adults were additionally likely to report problems with pain. Australian adolescents reported the least problems in the area of 'no problems walking about'. Spanish adolescents and adults and Australian adults reported the least problems in 'looking after myself'.
Best-Worst Choice Frequencies
The best and worst pair frequencies are tabulated in ESM Tables 3, 4 and 5 for Spain and 6-8 for Australia and include all 180 possible best-worst pairs. Results show that 'pain and discomfort' and 'sad, worried and unhappy' are more often rated as best and worst from the pairs presented.
There was a high degree of consistency within dimensions across adolescent and adult responses. For all three samples relating to three valuation perspectives there was a logical ordering, with 'a lot of problems' consistently rated more as 'worst' than 'some problems' and 'no problems'. The reverse was true for the levels most consistently rated as best. There was slightly more variation across adolescent and adult samples for the worst ratings than the best. Table 5 reports the sample aggregate best and worst choice counts summary data across samples and countries. For Australian respondents, when each of the health state pairs were presented in the survey the dimension most consistently rated as 'best' by adolescents was 'no problems walking about' (mobility, rated best 48.2% of times presented). For adults, 'no pain and discomfort' was most consistently rated best (47.2%) and for adults answering from a child perspective, 'no problems with usual activities was most consistently rated best (49.3%). For Spanish respondents, the dimension most consistently rated as 'best' for adolescents (50.8%), adults (50.6%) and adults answering from a child perspective (54.8%) was 'no pain and discomfort'.
The EQ-5D-Y dimension most consistently rated as 'worst' by Australian adolescents was being 'very worried, sad or unhappy' (rated worst 43.8% of times presented) compared with the dimension rated as 'worst' by Australian adults and adults answering from a child perspective of 'a lot of pain and discomfort' (49.5% and 56.5%, respectively). For Spanish respondents, the dimension most consistently rated as 'worst' for adolescents (43%), adults (44.1%) and adults answering from a child perspective (53%) was 'a lot of pain and discomfort'. Figure 1a , b plot best/worst choice frequencies and show a clear declining trend between best and worst ratings, or in other words the 'no health problems' levels are more often chosen as best and the 'a lot of problems' levels are more often chosen as worst. Such a trend is similar between the different perspectives and across countries. There is evidence of similar proportions of levels chosen for best or worst in the three samples (reflecting three valuations perspectives) or two countries, or in other words participants did not seem to struggle to differentiate levels they considered best or worst. The figures also show a clear gap between 0.15-0.3 in Australia and 0.2-0.29 in Spain, indicating that no particular EQ-5D-Y level in any dimension was simultaneously best and worst at the same time. This was reassuring and also demonstrated a similar level of consistency in choices between perspectives and across both countries. Table 6 presents the proportion of responders who correctly selected the best or worst level for health state scenarios in which there is clearly a best or worst expected choice. This is presented as a measure of validity. The adult Australian and Spanish sample participants were able to select the clearly worst level with a higher level of accuracy relative to adolescents. Adolescents were, however, able to select the expected best level with a similar and in some cases improved level of accuracy compared with the adult samples. There were no clear trends with adolescent age.
Dominant Choice Sets
Self-Reported Difficulty
Adolescents reported greater difficulty completing the survey and task than adults in both countries (Table 7) . Self-reported difficulty was also greater for children aged 11 years in both countries and approached adult responses by age 16-17 years ( Table 7) . Adults completing the survey from the perspective of a child also reported more difficulty completing the task in both countries than adults completing from their own perspective (Table 7) .
FAS Family Affluence Scale a Data extracted from the 2016 ABS census b A composite FAS score is calculated for each student based on his or her responses to these four items. For most analysis, we use a 3-point ordinal scale, where FAS low (score = 0, 1, 2) indicates low affluence, FAS medium (score = 3, 4, 5) indicates middle affluence and FAS high (score = 6, 7, 8, 9) indicates high affluence 
Discussion
Summary of Findings
This study using the same methodology across two countries has shown that adolescents can complete BWS tasks for the EQ-5D-Y instrument. Important country-specific impacts of valuation perspective were identified with the dimensions most rated as best and worst. Australian adults answering from both perspectives (their own and that of a 10-year-old child) appear to place less weight on being very worried, sad or unhappy and more weight instead on having pain or discomfort than Australian adolescents. Spanish adults and adolescents concurred in their greatest weight being placed on pain or discomfort.
Feasibility and Validity
This is the first published report of adolescent versus adult valuation for the EQ-5D-Y. It directly compared adolescent preferences down to 11 years of age with adult preferences from two perspectives. Sample validation statistics such as completion time, consistency in ordering, rational responses to dominant choice sets and balanced distribution of best-worst frequencies indicate that adolescents were able to engage with the task, complete the task, and provide valid and rational responses. This compares with previous literature on the CHU-9D that also demonstrated the ability of adolescents as young as 11 years to complete CHU-9D valuations [11] . Our research did not identify inconsistencies in the worst choices in adolescents compared with adults, as previously reported by Ratcliffe et al. [11] for the CHU-9D valuations. Adolescents self-reported more difficulty with the task, but when restricting the sample to just those reporting difficulty there was no associated impact on best/worst differentiation or inconsistencies.
How Young Can Adolescents Make Preference-Based Valuations?
Most of our findings were additionally split by year of child age to enable a thorough investigation of the relationship between average age and task validity. We found that there was an increase in self-reported difficulty for a child aged 11 years compared with older ages; by age 16-17 years adolescents were reporting a similar degree of difficulty to the adult sample. Most validation statistics such as time to complete, consistency in ordering of best and worst frequencies and the distribution of best-worst counts indicate that adolescents 11 years of age are able to validly complete the task. For some analyses, such as best dominant choice sets, adolescents aged 11 years performed better than those at older ages.
Best-Worst Scaling Methods
BWS methods have been previously applied in paediatric HRQoL preference-based valuations [11] . The choice of BWS for our research was based on its relative cognitive simplicity and a desire to include young adolescents. It is acknowledged that there are difficulties and concerns when using the BWS for health state valuation [25] . The focus of this paper was on the comparison of preferences between samples and ages for which BWS is an appropriate methodology. Future research intending to produce utility values will need to carefully weigh the pragmatic advantages of BWS against the methodological limitations such as the challenges with anchoring and concerns with stability, monoticity and continuity [25] . The BWS method does not automatically provide values that are anchored to the 0-1 (dead-full health) scale as is required for utility measurement. This provides a challenge and means a separate task is required to anchor the BWS responses onto a 0-1 scale as outlined in more detail in Rowen et al. [15, 26] .
Whose Preferences? How Do We Use These Preferences?
This research intended to inform the research question of whose preferences to use for the valuation of adolescent MAUIs. Normative decisions have historically relied on adult preferences presumably because of adults' role as tax payers and the main economic contributors in society. The role of adolescents being a part of the population sample for obtaining normative preferences is raised with many adolescents now paying tax and contributing to society in a way that may justify their inclusion [19] . If adolescent preferences don't vary from adult preferences, then the We have demonstrated that, for the EQ-5D-Y, using BWS it is feasible and valid to seek preferences from adolescents. Given that their preferences are valid and feasible, the choice about 'whose preferences?' then becomes a normative question largely answered by the needs and values of decision makers who wish to use the information. If adolescents are deemed to be social contributors, then there may be a case for inclusion of their preferences in the normative preference set. For use of preferences within economic evaluations, national health schemes may wish to include adolescent values as a part of the population sample, although there may be challenges about how to combine the data and availability of adolescent data to use in anchoring. Choice of anchoring technique is also likely to matter for the resultant utility values generated [27] . It is worth noting that a normative preference set is not the only use for adolescent preferences. In emerging areas of research such as patient-reported outcomes, patient preferences are increasingly being used to guide individual clinical decisions or resource allocation decisions solely within child health services. In these instances, if adolescents or children are the target patients then their preferences will be directly relevant [28] .
Strengths and Limitations
This study is the first to compare adult and adolescent preferences for EQ-5D-Y dimensions. The inclusion of three perspectives (adolescent, adult and adult taking the perspective of a child) and the cross-country comparison are likewise unique. A strength of our study is the utilisation of identical methodology, thereby facilitating a direct comparison and confirming that the difference in preferences observed between these two settings are probably cultural. Our work has also shown the descriptive power of BWS tasks when analysing choice responses without the need for a discrete choice model [24] . Our current analysis assumes that preferences within each sample and perspective in each country are homogeneous and future analyses will explore the role of heterogeneity of preferences on the current results.
Due to resource and time constraints and the desire to attain a geographically representative sample, we chose an online survey method. Online survey methods have been linked with concerns about the understanding and engagement of participants and have led to responses that differ from face-to-face administration [29] , although others have shown no impact [7] . However, our results suggest that all samples engaged rationally with the task and that results were sensible and consistent, as shown by the validation statistics presented. Lacking the face-to-face contact with participants means that researchers are not able to directly gauge or clarify lack of understanding of the task.
Our sample was population representative based on age, sex and geography but, as is common for research, we had an over-representation of educated and higher-income participants. This may mean that the values generated are not fully representative of the population. Given the unrepresentativeness of our samples in some key characteristics, if these data are to be used in generating value sets in Spain and Australia, techniques such as probability weighting should be explored.
Next Steps and Future Research
This study has provided much-needed new evidence in the area of paediatric preference-based quality-of-life measurement; however, there is a great need for further advancement. As yet, only a US value set exists in the published literature for the EQ-5D-Y [18] , meaning serious restrictions on its use within economic evaluation across countries. The practice of instead using the EQ-5D instrument designed for adults still pervades despite it not being age appropriate and differing from a child measure in important ways [20, 30] . There is a need for further research to understand whether children can validly complete DCE-type exercises or DCE with duration. Previously children have been shown to struggle with TTO exercises [31] , although other studies have been successfully completed with children [13] . This research exercise included children as young as age 11 years. It is unlikely based on average normal cognitive development and our results for 11 year old's that valuation much younger will be valid or desirable. Methodological research is needed on how to combine adult and adolescent preferences to form a population normative sample and how to anchor adolescent responses coming from DCE and BWS tasks. More research is required to demonstrate appropriate use and the value of adolescent versus adult preferences for specific decision contexts and scoring algorithms for the EQ-5D-Y are needed [20] . The field eagerly awaits these developments.
Conclusions
Our results suggest that inclusion of adolescents in direct valuation of the EQ-5D-Y using online BWS is feasible and valid based on measures such as time to complete, consistency in ordering, rational responses to dominant choice sets and balanced distribution of best-worst frequencies. Adolescents from age 11 to 17 years were able to engage and complete the task. We also found that there are age-related and country-specific differences for Australia and Spain in EQ-5D-Y dimension preferences.
